The penicillin G acylase (penicillin amidase [penicillin amidohydrolase]) EC 3.5.1.11 produced by Escherichia coli W (ATCC 9637) and Proteus rettgeri (ATCC 31052) catalyzes the deacylation of penicillin G. These enzymes are used for commercial production of 6-aminopenicillanic acid, an important precursor for synthesis of many semisynthetic penicillins (17, 18) .
Whereas the enzymes expressed in these two genera differ in molecular weight, isoelectric point, and electrophoretic mobility and do not antigenically cross-react (6), they are similar in that both enzymes dissociate into two nonidentical subunits in polyacrylamide gel electrophoresis under denaturing conditions (1, 5, 6) . In E. coli W, the subunits were shown to be processed from a common precursor (2) , and in E m in0 genes of the P. rettgeri wild type and one of these mutants (Cyc 1) (6) were introduced into E. coli K-12 by molecular cloning. Since E. coli K-12 does not normally produce acylase, this enabled us to test whether signals for succinate repression and hyperproduction and processing of P. rettgeri acylase would carry over with cloning of the acylase gene into E. coli.
The E. coli W acylase gene (A. R. Proctor, unpublished data) was used as a hybridization probe to identify genomic restriction fragments encoding the Proteus acylase gene. An HindIII digest produced two bands of 3.6 and 1.4 kilobase pairs which hybridized with the E. coli W acylase gene probe under low-stringency conditions, which would have permitted detection of a homologous 20-mer. The EcoRI and P. rettgeri, both subunits were shown to be required for enzymatic activity (5) . In this respect the enzymes appear to be similar to the 7p-(4-carboxybutanamido)cephalosporin (Glu-7ACA) acylase produced in Pseudomonas sp. (12) .
Metabolic regulation of acylase expression in each genus is different. In E. coli W, the enzyme is induced by phenylacetic acid and catabolite repressed by glucose (8, 10, 11, 13, 16, 19, 20) . In P. rettgeri, the enzyme is made constitutively and repressed by succinate (7) . Glucose has no effect on expression of P. rettgeri acylase (7) . In Pseudomonas sp., Glu-7ACA acylase is induced by glutarate (14) . The response of this enzyme to carbon regulation has not been reported.
P. rettgeri mutants resistant to succinate repression and which also hyperproduce the enzyme have been isolated from the P. rettgeri wild type (6) . The penicillin acylase BamHI digests yielded unique hybridizing bands of 9 and 5.5 kilobase pairs, respectively. The 5.5-kilobase BamHIenriched genomic fragments from the P. rettgeri wild-type and Cyc 1 strains were subsequently cloned into the vector pACYC184 and transformed into E. coli K-12 (4, 13). Plasmids from clones producing active acylase containing wildtype and mutant genes in both orientations were isolated and characterized by restriction mapping. A restriction endonuclease map of plasmid pPTZ2 harboring the Cyc 1 acylase gene is presented in Fig. 1 .
The levels and regulation of the enzyme were compared in these E. coli recombinant strains. Specific activities were measured in whole cells or cellular extracts by using the N-(carboxy-4-nitrophenyl) derivative of phenylacetamide as described previously (7) . Cells were grown in Stanier basal salts (15) G acylase production by E. ccli JW358(pPTZ2) growing in the P. rettgeri acylase subunits and were distinct from the E.
glucose. The specific activity of the acylase was measured in coli W acylase polypeptides. In these E. coli K-12 strains, cells at the time indicated.
71% of the P. rettgeri acylase produced was found in the periplasmic fraction along with 94% of the alkaline phosphatase (periplasmic marker). No glutamic dehydrogenase ac-58) harboring the acylase gene from the wild type tivity (cytoplasmic marker) was detected in these prepara-Z14) was grown in succinate, it expressed low levels of tions. Although technical problems prevented us from me similar to levels produced by the parental P. rettgeri defining the cellular location of the acylase in P. rettgeri, a type (Table 1) . When the acylase gene from Cyc 1 related enzyme, the E. coli W penicillin acylase, is secreted Z2) was introduced into E. coli (JW358), 50-fold higher into the periplasm (6). These results indicate that in P. s of acylase were produced, which paralleled the levols rettgeri the acylase should also be located predominantly in aced by the parental P. rettgeri hyperproducing mutant the periplasm and show that the signal peptides of Proteus le 1). These results indicated that the regulatory regions genes can be recognized and correctly processed for secreie acylase gene required for hyperproduction were tion by E. coli (9) . ferred with the acylase gene and recognized as funcIn summary, our results show that the wild-type and 1 by E. coli. However, the regulatory region for the wild mutant Proteus acylase genes were expressed in the same and acylase hyperproduction appeared to function less manner in E. coli. These results strongly suggest that the ently in E. coli than in P. rettgeri because the levels of promoters, the hyperproducing mutation selected in P. tse were similar even though the acylase genes were rettgeri, the secretion signal sequences, and the enzyme -ssed from multidopy vectors (3) 
